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JUST

1. The attached outline descridbes s task for the svaluation of s propossd |
type of radio loesting system. It is regquested that the outline, to be known
as Task Order VI, Contract| | be forvarded to the firm of| | 50X1:

and that this firm be asked to submit a cost and time estimmte for the 50X1°
services and equipment involved.

2. It is reques that the Contrector be notifisd that the project officers f

for this task are alternata. 50X1

3. This estimate should be forwarded to the Enginesring Pivisioa, OC, not
later then b March 1955.

50X1

Attactment: As AdDove
3 « Contract Officer

DistraBufs 058 - (Task VI, (oC-E/sAB) 50x1f
Orig & 1 - Adiressee |

3 = OC-E - (Task VI, RD-35)
ioc-s/m)
0C-E/Chrono)

ORIG: OC—SP/A% (10 February 1955) + 50X1 |

SECRET 5
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FROBLEM

TASK VI

7o evaluste & proposed system for mdlo locsation (Attachesnt A). This
taok will be conciuded with the subsission of & fianl report, setiing
forth the {indings of the Comtrsetor. The prizcipies of this system ie
the determimation of the bearing of a radio station by the sisul teneous
recoptiom of sigmis from this stetion at tinwve conbrolled sites.
Bearings will be determined by the simaltanecws recording of & sigoal
st thw three sites, snd Ly meesuring the tioe 4ifferemce of reception
af the smoe aigmal cisment at the thwree positioms,

o

2

The Cogtrector, in conjunction with the properly desigosted
Tecmicnl Sepressatative of the Contmeeting Ageaey, willi pism,
isy out, sol design sa initial aysten in detall, iscluding
the preparation of & cooplete LIl of unterials. Such eguip-
mmwmwwmmmm.
Such eguizeents as may have to be deweloped, dssigned, sad
constrocted willi be listed. It ia clearly wnderstood that the
woek a8 cutlined usder this paragraph will reguire sn appre-
ciable ssmumt of enginsering deeign. The Contractor is Yo
subalt not later than tihe fifth of esch wonth a progress report
sammrising the work dome during the precoding aovdh.

The Contrector 18 0 prepare & coot stisste of all the ante-
rials vixich will be completed undor pavegraph 1, snd upon
apmovsl by the Quvernmnd of the List of oguipment, the Com-
trector shall take stepes to parciase, aodify, o bild the
WW

Pase 2

L.

Dalivery of the equipment sbail be mde to the pismt of the

Comtractor, where It wili te ageenbled and tested. while in
the Coutractor’s plent, all seccsaacy delay nessuvenentis shell
e wade oo the equipmsnt prior %0 1ts lnstalliation. The Con-
tractor 13 also to unke & closed circuit test of all equip-
mant Dmetioning a8 & three siation system. Operating roce-
dures and an overall check of the sysbem are to be obtained

fvon this specific test.

T gt————,
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2. It siall be the responaibility of the Contractor to sdegquately
ingtall the eguipment to insuve that it is in correct opereting
MM“M&HM“&MW&MMW
This is a prise reguisite of Lthe evalustiocn procoeding
mnmmmmmwm,mma
piant, and in the vicinity of Willismshurg, rospectively.

2. On completion of the iostalliation pheve of this ewmiwtion,
mmmwmmwu&mw
tost smi-up. Ooversuent persomnel wiil operate the egaipaent
at the two remsining sites.

k. The Contrector will be vesponsible for the oversll seinbennnos
of the systom.

5. Tha Comtrector will provids comaulting secrvices thwoughout the
duration of this evaluation, since it is anticipated thet
changss andfor sodifications of the equizeeut or the method of
oparetion of the systea way be found desirsdle.

5+ The Comtosetor will coopermte closely with the Techmiesl Rep-
resaptative during this vork, sad it is reguired tiat the Con-
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APTACHERT A

GEMERAL 2

i. The propowed system for redio loostion is physisally located st
three sites, coe of wirieh 18 & cantrol station amd two are owt
stations. This system comsists of three parts. The Civst part s
A sethod of intercecting the sigmel thet is to be locsted. Thias
wvould coneist of nceml satemrms and redio receivers; etoc. 7w
sigml will be displayed oo one Mif of o ddble bean cscilloscope.
The secodd post of the system is the method for slerting the out
stations 80 thmt they wiil be opersting against the same target at
the same time. This aystem oan consist of & redio cireuit, o lacd
1ioe, or tde public mll--whicherer iz more suitebls to the prodlen
at anl. The third part of the gystem is the timing ciremit. It
is the functicn of this ciromit %o provide & coumom, comparuble
aarker interval system for congparison and tiaming purposes. By wtii-
ising this portion of the system it is possibie to detsrwmine the
tine diffwrence of arrival of the redlo sigoal at the wrious sta-
tions of the locator systes.

TDAING SYOTRd:
2. mmdsmwmmmm The refersoce

umwammaWth;awm
in oxder %0 yresent the timing aigoel on drand. The wive Rwplog
eircuit renders the siandard freguency shorter in rise tise so that
greater tining securscy is achdsved. The wave shapiag circuit, thaus,
would limit, elip, anid diffecentiate the sine wave sigaal froa the
fregueancy standerd, delivering a seriea of rather sharp pulises.
These palses vould then be psssed to & macumm tube heyer which would
key & C. W, 76dio transmitter. The wave shhper snd the vacuum tube
keyer equipoent wouid nomaeily be expected to be constructed by the
Comtractar; and the trmsnitter shomid be purchesed. A tredsmitter
heving & reserve powsr of sboat 500 to 1000 watts peak powesr should
ba adequate for the surpose, although 1t sy Le prsetical to oper-
ate the aystes with consldershly leas power et of the time.

3. Branching off firom the wive shaper cireuit abesd of the hoyer wmit
is a circuit lsaling to & counter chromogrsyd, specifieally to the
M control of this comter. Depending upon the resction of the

N counter chronograph
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cosater chronograph to the rvoeption of auceessive 6 pulses, oace

it s Initisted actiom, it oy be necessary to devise clrenitey %o
elininste all but the Clrst puise of the tlsing wewe trais froa the
ifagut to the ocucter chromograph. If this is fownd to be sevesen:y,
the properties of fired gas tubes, especially their lov iapot jugped-
ante, showld be helpful. Of course, the I plate supply will fer
nisk & el roset fenture desirsble. This comid be cosbired with
the actumting cote forr releasing ths timing sigoal.

. Local cireultry must be pwovided et the condzci stetion to fugewss
the timing wave traln uypon ous bess of & Gl beam cuthode rRy oooii-
logresh.

5. ‘The sctomting control fur the timing sote shonid opermis in the
reicase position sfter actustion. 7The actuste positiom of tihe com-
trol ean then be used for perfomidng tvo fowttons: (1) Turnisg on
the motors of the scops conmsns and (2) Resesting local the lockout
wn the comter chronogaph O cireuit sucosssive pulse eliminator,
This thes wosld set wp the egaijment 4o receive the actuste sigani.

e AL the WE stotion the tising aigml is delivered to the dual besn
oscillosoope the saow as at the contrul station. The timing sigoal
is als0 dmilvered to & successive pulse siismiomtor circult, with a
mmial reset, theace to & keyer tube {0 & transaitter siailsr to the
one treasmitting the tialng signel. This transsitter could uadoubt-
edly be smaller in eapscity than the one st the control station dDe-
csuse Of the sualler duty cycle. This single pulse thmt is trans-
uitted back to the comtrol statiocn is wad t0 turn off the counter
chronogreph. Ths fuwwtion of the successive puise lockout circuit
at the out station is to keep the out station off the air ss much as
paseible. In ithis msaver they &0 oot traaseii a trein of pulsss,
only & single pulse at random intervals. The wamusl reset also pro-
vides snother function of the systen. It can indicate to the comticl
station operator the fact thet the cut station apermtor for scew roea-
08 or other i3 not able to cooperste. This is indlested st the con-
trol station by fallare of the chronograph to st off. This is a
fail safe feeture of the system, since in any event, no inforsmtion
wmmmmmﬂmwmmwmu
to indicate.

CAMERA CUMTHOL:

f» It is anticipsted thet the camare recording system for this radio
locator would be Fairehild Oseillorecord Camerss on Dusomt dunl bLoms
scopes. Verioue sisple systoms osn be utiiised to twrn oo the can-
arn 2ItOrs, such a8 & resonant reed relsy st the out station and &
tone gaperstor st the control asteation. The cameres aust be provided
with & timer which will aliow thes €6 Mun for s definite interval of
Lixe and then shet off.

raq

FYTR e v e e
RN
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UNDETERMINED DEDIDN FACTORS:

o Certain fTactors sre hest deternined during ibe course of this svelu-
stion or ia the initial set-up vien the couplote equipment bacomes
svailable. Owe of the chiel of theee factors is the freguency of
the timing sigmai to be trenemitied. Anctber closely related factor
iz the speed and length of film run cut during any one individusi
shot. The value snd variability of the delays vhich the timning sig-
nal will encounter in the equipment iiseif is waknown saad mist be
determined prior to atitenpled operstion. The power actually reguired
for the trapsaitters awet Vo determinad.

“ «ir !.\‘ ,.“ g; .wa.

A
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A POSSIBLE METHCD OF LOCATING AN UNK'OwN TRANSMITTER BY INVERSE LORAN

If we assume that radio waves travel at the speed of light, we find that
5.38/Lseconds is required for a radio wave to tramel one mile,

The system prorvosed here uses three receiving stations and a transmitter
at an unknown location, in contrast to loran in which three transmitters are
ot known locations and the receiver is at the unknown location.

The proposed system requires that some identifying characteristic with
respect to time be transmitted by the transmitter at the unknown location.
This may be the t'rning on or off of the carrier of the transmitter, or any
other characteristic of the signal that can be identified without question,

The two slave receiving stations are separated by a distance of avproxie-
mately 150 miles from the third receiving station which acts as control
station. The time of arrival of the identifiable characteristic at each of
the three receiving stations is noted, with respect to the same time reference.
In order to obtain the same time reference at each of the three stations it is
necessary for the control station to transmit a time signal to each of the
slave stations. The time signal received at the slaves must be corrected to
compensate for the time delay encountered in transmitting the time signal from
the control station to the slaves,

One method of instrumenting a chain of stations to enable this type of
operation is shown in the attached block diagram,

E:ch of the three stations is equimnped as follows:

Perkeley llo el 5510 Universal Timer

Collins 32V3 Transmitter (or equivalent)

Hammurland SP=-600 with crystal high frequency oscillator
Collins 51J3 communicetions receiv er

Start or Stop signal generator

e e el
]

The Berkeley Universal Timer is a Time Interval Meter including a cryse
tal controlled time base, an electronic gate, direct courled start and stop
input circuits, and six decimal counters. The signals from the start and
stop circuits open and close the electronic gate and allow the time base
frequency to be applied to the cascaded decimal counting units. The number
of pulses rassed through the gate during the time it ‘s copen is registered on
the decades., The elapsed time is read directly in microseconds when a one
megacycle crystal controlled time base is used.

The Collins 32V3 transmitter is recommended becauvse it is a highly re-
liable unit with reasonable power. It is used for the communications link be-
tween the receiving stations,

The Hammurland SP-600 receiver is recommended for the receiver in the
communications link because a crystal controlled high frequency oscillator is
availarle and will eliminate mis-~-tuning of this receiver and will provide very
reliable service,
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The Collins 51J-3 is recommended for the receiver to be used to rick
up the unknown tecause of its calibrationhccuracy which will help in the
accurate selection of the unknown signal.

Trre start and stop signal generators are needed tocontrol and calibrate
the system. The start signal generator is located at the control station.
The stop generators are located at the slave stations.

To calibrate the timers at all three redeiving stations, B - the control
station, works with first one slave and then the other in the following mamnner,
B. transmits a start signal which starts his timer and upon recept at A, A's
timer starts. A noting that his timer has started transmits a stop signal
which stops his timer and upon receipt at B stops that timer., The timer at B
now reads a value which is largerthan the reading at A, The difference in these
readings divided by two is the delay time for the path.

B now conducts the same calibration procedure with C. The timers at A
and € are now st so that they start to count not from zero but from a number
which has been set into the counter. This numher is the path delay time in
microseconds as determined in the calibration procedure outlined above,

The Collins receivers at all three stations are tuned to the trarsmitter
at the unknown location. The switches are all turned to calibrate, which
connects the output of these receivers to the stop channel of the timers,

The start channel of R's timer is connected to the start generator in parae-
1lel with the input to the communications link trarsmitter. B transmits the
start pulse which starts his counter and upon arrival at A and C starts their
counters. All counters should now be reading exactly alike since the signal
arrived at each station the same number of microseconds after starting the
counter at B as the number which was preset in the A and C counters.,

All three counters will stcp upon receipt of the signal from the trans-
mitter at the unknown location. The difference in the readings at the three
stations can be used much in the same mamner as a navigator uses his loran
data to find the hyperbolic lines of position,

Many errors are possible in a system of tliis sort, Some are differences
in path lengths duéﬂéhanging ionosphere heights, erros in calibration, in=-
abi.ity to use short pulses for start and stop signals, delay times in equip-
ments which may or may not be corstant and the inabil’ty to control the trans=
mitter at the unknown location,

SR 15 Feb 1955
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Jescription
of a
Proposed Radio Iocation System

GENERAL
The system here proposed operates to locate the source of a radio transmission

by measuring the time difference of arrival of tne given signal at three
separate receiving locatinns. Kg gA dveraly A/4tét 1¥ 1 This system
can be considered as conbtructed of three information channeis:

+e 4An ilert Channel

2. A signal Channel

3. A timéng €Ghannel
The alert channel serves to activate the three loc.ticns to a given taeget
whose locaticng is desireds This alert channel, depending on the specifics
of the netwowk, can Le anything from a letter to a conplete radio teletype
network., The only recuirement of this imtormation channel is that it

be capable of directing tne nesowrk as rapidly as the s tuation demands.

The gignal channel serves to deliver the agreed upon signal to the

recording/mmasur. g equipment and is completely straig-tiorward.

The timing cnannél is unique to this system, at least in detail and will be

the subject of somewhat more detal led description.

Ihe purpose of tne timing chnannel is to make availatle to ail three sta ions
one tiie standard to wnich AZL (g the Féégiyéd signat received at eacn of

the three points may be compared.

The timing channel operates in the follow.ng manmers The c.ipped and different-
iated si nali from thej s;ﬁ;zﬂsd;;t‘;d“tlme standard is transmitt.d for a stort

wiile, MARMZYLF by manually operating a switch. This signai is transmitted

irom one of the stations to the other tmo stations .. tne network. The st ticn
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Possésesing the time standard éand other equipment) s known as the "control"

station. At the JAgXg¥ ccntrol station the transmission of

the timing
. . L P ! e S iy L;/’l“:-:_b* :’.; LA Y ¢.'v",; C) AR A 2 il
signal is concurrent with YAg starting - Tvart- s which i§ ‘shut

off by tne out stati.ns retuming a pulse from (e timing series back to

~he c¢ontrol station, This semes of t:unp‘:.ng puJ.ses is recorded -- together ..~ T

o RG] ; Toosri e f l/J ¢ a1 e ’ﬂ e Ay Jliff‘
with the signal -- on 35 mm film frum a,dual beam oscilloscope. This .

recording is done at all three stat.cns., The film is dater cunpared at

one central p.int where the time delay figures are known. Presumablgy the

control station.
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DESCRIPTION
of a

SYSTEM FOR RADIO LOCATIUN

l. This system, known as an Iy¢fé¢ invcrse Loran system has three major
divisions. A) The signal reception Channel system

B) The timing channel

C) The alerting channel.
The aierting channel is a communications channel that serves the
purpose of directing the location network against a given target at
the t me in gquestion. It is intended that the alerting network
shall oper:te in a "Fox" mamner -- just it is anticipated that
there will be no special problems cornected with this charnel.
The signhal channel is also a straight communicatio's .r intcrcept
channel which is directed by the aierting cham.el. This channel
presents even less of a problem than the alerti: g channel,
The tim@ing channel is tie portion of the location system that

attention must be directed towardss
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Control Station ""B"

4

Berkeley ‘ .
Model 5510 Transmitter Comm Link

Universal Timer (Collins 32V3) Rcvr
Start Mod SP-600 Xtal HFO

stop OperateJ\)/l ¢ Calibrate

J Communications Operate

o_]——<{Voice)

Start
Signal L] Collins 51J3
Generator

—

L4

Stations '""A" and "'C"

Berkeley Transmitter )
Model 5510 (Collins 32V3) Comm Link Rcvr

Universal Timer SP 600-Xtal HFO
Start Mod

IStop’ Caly Comm: -
R o (Voice)

Operate
O

Calibrate

Stop

Signal Collins 5133
Generator

) S v

L
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